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THE DECAY MODES OF HIGH-SPIN COMPOUND, NUCLEI PRODUCED IN 6~i-INDUCED 
FUSION REACTIONS 
S.E. Vigdor, H.J.  Karwowski, W.W. Jacobs, S. Kailas, P.P. Singh, F. Soga, 
P. yip*, and W. Ploughe'f 
I n  order t o  more s t r ingen t ly  const ra in  the  nuclear The f i s s i o n  and charged-particle evaporation y ie lds  
s t ruc tu re  parameters involved i n  s t a t i s t i c a l  model were measured with a so l id - s t a t e  detector  telescope,  i n  
analyses of t h e  decay of compound nucle i  a t  high spin  which the  f i s s i o n  fragments were very c leanly  separated 
and exci ta t ion,  we have i n i t i a t e d  a program t o  measure from a l l  other react ion products over the  e n t i r e  angular 
range (lo0 <_ Blab <_ 170°). Complete fission-fragment the  absolute cross  sec t ion  f o r  a l l  major decay modes. 
To da te  we have measured absolute t o t a l  cross  sect ions  angular d i s t r ibu t ions  exhibi t  a c l ea r  symmetry about 
f o r  f i s s i o n  (afiss), proton evaporation (ap),  a-par t ic le  eCm = 900 (see f i g .  l ) ,  ru l ing  out appreciable contr i -  
evaporation (a,), and neutron emission (a,) from butions from non-equilibrium f i s s i o n  or from f i s s i o n  
compound nucle i  formed (with JCN 30-35 Fi, EC; 2 70 - following a-transfer.  The evaporation peaks have been 
100 MeV) i n  bombardment of 1 8 1 ~ a ,  1 9 4 9 1 9 8 ~ t ,  l g 7 ~ u ,  c l e a r l y  discerned i n  the  Z = l  and 232 spectra  (see f i g .  
and 2 0 8 ~ b  by 6 ~ i  beams of l ab  energy 75, 85, and 95 MeV. 2) over a range of backward angles (elab 1 1 1 0 ° ) ,  over 
Measurements a t  higher energies a r e  planned. We have which t h e  y ie lds  a r e  observed t o  be i so t rop ic ,  allowing 
a l s o  determined t o t a l  fus ion cross  sect ions  f o r  these  d i r e c t  determination of t h e  t o t a l  yield.  The t o t a l  
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cross  sect ion f o r  a l l  ( Li,xn) react ions  has been systems : 
determined by a new technique (see t h i s  repor t ,  
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Fig. 1. Me ured fission-fmgment a n g u h  distributions 
for 6Li + "Au a t  three bombarding energies. The 
m e s  represent the empirical formula displayed, with 
the parameters A, B, and k adjusted for optimwn f i t s .  
Fig. 2. Representative large -angle energy spectm 
for Z = 1, Z = 2, and fission products. The evaporation 
peaks show up clearly i n  the Z = 3 and Z = 2 spectra. 
The fission spectrum i s  broadened considerably by 
straggling i n  the 2.15 mg/cm2 target. 
p. 1lo)involving measurement of the yield and mean 
multiplicity of K X-rays characteristic of the com- 
pound nucleus Z. 
Results for the decomposition of ofus for the 
five targets at two bombarding energies are shown in 
Fig. 3. a, is the dominant contribution in all cases 
investigated. The charged-particle evaporation cross 
sections are of roughly similar magnitudes for all 
targets (with up > a,), and they increase significantly 
with bombarding energy. Corrections (not yet applied) 
for multiple charged-particle emission are expected to 
reduce up + u, by < 10%. The fission cross section is 
a rapid function of both target and energy, increasing 
with the spin of the compound nucleus, with Z of the 
compound nucleus, and for fixed Z with decreasing neu- 
tron excess, in a manner qualitatively consistent with 
expectations based on rotating liquid-drop model (RLDM) 
fission barriers.' In all cases, ofus accounts for 
6, 50% of the optical model total reaction cross section 
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Fig. 3. Decomposition of the measured fusion cross see- 
tion for f?:ve targets a t  two energies. (am was not ma- 
sued for 394pt at  74.8 MeV.) The solid error bars re- 
present retative masurement uncertainties i n  a The 
dashed bars incZude i n  addition a ,106 estimzte&bs;lstemz- 
t i c  uncertainty i n  a,, &sing from possible deviations from a Poisson K X-ray muZtipZicity distribution. !The 
overall absolute normalization uncertainty i s  estimated 
a t  + 30%. 
are,,. This fraction is similar to that observed in 
bombardment of much lighter targets with heavier ions 
at comparable energies per nucleon (see ref. 2), but 
is inconsistent with a recently proposed empirical 
parameterization3 of all heavy-ion fusion cross sections. 
A statistical model analysis of these results has 
been initiated, using the computer code MB-I1 (ref. 4), 
to which we have added a subroutine to calculate the 
fission-fragment angular distribution W(0), based on 
the treatment of Halpern and ~trutinski.~ The statis- 
tical-model angular distribution calculation uses RLDM 
saddle-point moments of inertia and sums over contri- 
butions from all spins and all fissioning nuclei, using 
MB-I1 output to deduce the mean nuclear temperature and 
the contribution to afiss from each spin and each chance 
of fission. As illustrated in fig. 4 by calculations 
using two different parameter sets (each constrained 
to give ofus correctly), multi-chance fission is ex- 
pected to be very important in the present reactions. 
The f ission-fragment anisotropy [W(1700) /W(900) 1, 
while relatively insensitive to changes in fission 
barrier height or saddle-point level density for any 
given fissioning nucleus, is quite sensitive to the 
relative importance of high-chance vs. low-chance fis- 
sion, and hence provides an important additional ex- 
perimental constraint on the calculations. Also in- 
dicated in fig. 4 is the non-negligible sensitivity of 
both afiss and W(170@)/~(900) to the assumed diffuse- 
ness of the compound-nucleus spin distribution. 
From the calculations performed to date we conclude 
that the present measurements constrain the analysis 
much more stringently than have previous data. For 
example, it has been possible to adjust structure para- 
meters to "fit" the measured energy dependence of ofus 
and ofiss (for one target nucleus) simultaneously, but 
only with very poor agreement with up, a,, and W(170°)/ 
~(90~). We have not yet begun to compare the cal- 
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Fig. 4. StatisticaZ-model caZcuZations of the totat fission cross section and anisotropy for 6 ~ i  + 1 9 7 ~ ~  at Ew= 
94.5 MeV, ittustrating sensitivities to mutti-chance fission and to the asswned diffuseness of the spin distri- 
bution in the compound nuoleus (a diffuseness vaZue of 2.7 is consistent with opticat mode2 partiat-wave reaction 
cross sections). !The dashed curves utilize RLDM structure pammeters, neutron and fission ZeveZ-density para- 
meters an = af = A/7, and a sharp cutoff on the barrier penetration coefficients Te; the sotid curves use fission 
barriers 25% smalter than RLDM vaZuee, an = A/7, af = 0.95%, and a diffuse cutoff (diffuseness 2.7) a TB. In 
both cases the Te have been aausted to reproduce the measured opus. 
culated and measured target-dependences. In the future, 4) 
it is hoped that data of the sort presented here may 
5 
provide a wide-ranging test of predictions of the shell- 
corrected nuclear structure at high spin (yrast and 
6 
saddle-point energies, particle binding energies, moments 
of inertia, level densities), by using such predictions 
(e.g., see ref. 6) as input to the statistical model 
analysis. 
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